The association of bullous pemphigoid with melanoma remains controversial and poorly understood. Recent studies report the presence of the bullous pemphigoid antigen, BP180, in melanoma cells, yet not normal melanocytes, suggesting an underlying mechanism for cases of melanoma-associated bullous pemphigoid. We report on an 88-year-old woman who showed a temporal relationship between the development of bullous pemphigoid and melanoma. The patient did not receive programmed death ligand 1 inhibitor therapy and improved rapidly following complete excision of her melanoma, with clobetasol, doxycycline, and niacinamide. We review the literature on the relationship between bullous pemphigoid and melanoma, and propose a mechanism underlying a melanoma-associated bullous pemphigoid.
legs, as well as erythema and excoriations on her back with few small tense bullae. A biopsy was performed from a characteristic lesion. She was started on triamcinolone for symptomatic relief while awaiting biopsy results.
Pathology indicated vacuolar interface changes, mild spongiosis, and clusters of junctional eosinophils. Indirect immunofluorescence was subsequently performed, showing immunoglobulin G antibodies to the basement membrane zone with a titer of 1 : 1280 on monkey esophagus and epidermal binding on salt-split skin. Indirect immunofluorescence for immunoglobulin A antibodies was negative. Enzyme-linked immunosorbent assay for anti-BP180 and anti-BP230 antibodies were 41 and 10, respectively, with a reference range below 9. Together, these findings were consistent with a diagnosis of bullous pemphigoid.
Treatment of bullous pemphigoid in this patient was started with clobetasol ointment. Several days later, she underwent wide excision of the melanoma with a negative sentinel lymph node biopsy. Because of the significant surgery and concerns for poor wound healing, systemic corticosteroids were avoided, and niacinamide 500 mg thrice daily and doxycycline 100 mg twice daily were added. Within 2 weeks, her lesions had resolved almost completely and she did not develop new bullae. This treatment regimen was continued for 5 months, during which time she did not develop any new lesions nor experience significant pruritus.
Discussion
The association of bullous pemphigoid with melanoma remains poorly understood. Cases of new-onset bullous pemphigoid in association with melanoma have been described previously [1] [2] [3] [4] . The reported cases as well as the present case are summarized in Table 1 . Bullous pemphigoid is associated with autoantibodies to the BP180 and BP230 antigens. Interestingly, a recent study reported expression of the endodomain of BP180 in malignant melanoma; this is absent in benign melanocytic tumors [5] . BP230 is additionally expressed in melanoma cell lines as well as normal human melanocytes [6] . Shimbo et al. [6] reported a significantly higher level of anti-BP230 antibodies in the serum of melanoma patients compared with healthy controls; however, this was not replicated in a later study [7] .
Several clues point toward a direct relationship between bullous pemphigoid and melanoma. Human leukocyte antigen (HLA) polymorphisms may predispose patients to both bullous pemphigoid and melanoma. HLA-DQB1*03:01 has been noted to have a significantly higher frequency in Caucasian patients with melanoma [8] . Besides being an independent risk factor for the development of melanoma recurrence or metastasis [9] , it has been noted to strongly interact with BP180 and is thus far the best-described HLA allele associated with bullous pemphigoid [10] .
There additionally appears to be a temporal relationship between the clinical course of bullous pemphigoid and the patients' melanoma status. In previously reported cases, acute flares paralleled the discovery of metastatic disease [1, 2, 4] . In addition, as in our patient, the development of bullous pemphigoid occurred in close association with the discovery of a melanoma [1] [2] [3] . Similarly, following resection of the initial melanoma and later of an involved lymph node, Marks [1] noted a parallel improvement in their patient's bullous pemphigoid. Following lymph node resection, the patient was able to be weaned from 60 mg of prednisone to 2.5-5 mg. Our patient experienced a significant improvement following excision of her melanoma. However, it cannot be ruled out that a combination of doxycycline and niacinamide with topical clobetasol treatment as needed was sufficient to control the patient's disease.
A similar relationship with bullous pemphigoid has been noted in neurologic disease. Up to 50% of patients with bullous pemphigoid have a neurologic disease and a strong association between the two conditions has been noted [11] . BP180 -the target of autoimmunity in bullous pemphigoid -is expressed widely in the brain [12] [13] [14] and it has been proposed that self-immunization secondary to central nervous system disease accounts for the bullous pemphigoid-neurologic disease association. Yet, Recke et al. [15] failed to find antibasement membrane antibodies in a cohort of patients with Parkinson's disease and multiple sclerosis. The study by Recke et al. [15] was, however, underpowered to compare the true prevalence of autoantibodies in patients with central nervous system disease versus the healthy population. Significantly elevated levels of nonskin binding antibodies targeting neuronal BP180 are, however, found in patients with Parkinson's disease. This suggests that sensitization to neuronal BP180 initiates an immune response, which, in only rare cases, progresses to the development of autoantibodies reacting to cutaneous domains of BP180, presumably because of an epitope spreading phenomenon [14] . [16] [17] [18] [19] . PD-1 normally functions as an immune checkpoint, preventing the activation of T-cells and promoting selftolerance. Once inhibited, there is a higher likelihood of development of autoimmune phenomena. Should an underlying relationship between melanoma and blood pressure exist, PD-1 inhibitors would exacerbate this through loss of self-tolerance.
Numerous cases of bullous pemphigoid and other immunobullous disease have been reported with the therapeutic use of antibodies targeting the cell death receptor 1 [programmed death ligand 1 (PD-1) inhibitors] for melanoma
Much is yet to be discovered in terms of bullous pemphigoid and its association with underlying non-dermatologic diseases. We postulate that in a susceptible individual, such as one with HLA susceptibility or an intrinsically decreased self-tolerance, tumor surveilling lymphocyte infiltration into the melanoma may lead to exposure of an otherwise immune privileged protein with subsequent development of autoimmunity. The use of antibodies inhibiting PD-1 may further exacerbate this through loss of self-tolerance. Thus, the melanoma itself may contribute toward the development of bullous pemphigoid. Future studies of the incidence of melanoma in blood pressure patients compared with age-matched controls would be beneficial in determining a relationship. Table 1 Reported cases of bullous pemphigoid developing in close association with melanoma without the use of melanoma immunotherapy
Marks [1] 61-year-old woman Four-month history of oral blistering with new-onset development of cutaneous blisters. At the 1-month follow-up, the patient noted a nevus that had been bleeding intermittently over the course of a year. Following excision of melanoma, the patient's skin lesions, but not oral lesions, resolved without treatment. A significant flare of bullous pemphigoid occurred several months later and she was noted to have an enlarged lymph node containing melanoma. Following removal of the involved node, the patient was able to be controlled on 2.5-5 mg of prednisone per day compared with the 60 mg required before lymph node resection Parsons and Savin [2] 57-year-old woman Five months following the diagnosis of bullous pemphigoid, the patient had a melanoma excised from her back. Four years later, the patient had an acute flare of bullous pemphigoid and was noted to have newly discovered metastatic deposits on chest radiograph as well as lymph node invasion Parimi et al. [3] 74-year-old man The patient presented with a new-onset severe bullous pemphigoid, requiring hospitalization. One month following hospitalization, the patient was noted to have darkening of the right toe nail bed. Biopsy indicated melanoma, with a chest radiograph showing lung metastases and lymphadenopathy Beck et al. [4] 72-year-old man
The patient with a previous history of melanoma was found to have recurrent subungual melanoma with positive sentinel nodes. Within 1 year of this recurrence, the patient developed bullous pemphigoid, followed by discovery of distant metastases. Exacerbated with ipilimumab and pembrolizumab treatment
This case 88-year-old woman An 88-year-old woman initially presented for evaluation of a pruritic rash. At this time, the patient noted a 4-month history of a growing pigmented vulvar lesion, found to be melanoma. Following excision of the melanoma, the patient was able to be managed on doxycycline and niacinamide without flares
